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(54) ROBOTIC ENDOSCOPE FOR PERFORMING ENDOSCOPIC EXAMINATION AND AUTONOMOUS 
FUNCTION TYPE PIPE ROBOT 

(57)Abstract: „ r { 

PROBLEM TO BE SOLVED: To disclose a robotic endoscope for k v. v< _:.\ 
performing the procedure of an endoscopic examination in tubular ( -j \ 

organs, and also, disclose an autonomously functional type pipe robot. 

SOLUTION: This robotic endoscope for performing the procedure of an ^'^li 
endoscopic examination includes a plurality of segments (2), a plurality of ^ w f 

flexible linear actuators (1 1), a central cavity (8) and a network of 

branching channels (13). In this case, (a) the plurality of segments (2) are i~ 
connected to each other with a plurality of flexible articulated joints (3), " *j '» 

and have a distal end section, (b) The plurality of flexible linear actuators ^xP"^: ~ 

(1 1) are attached skewed sideways on the circumferences around jT~3 
respective segments (2) to the longitudinal axis and the diametrical axis 4 y £ 

of a robot (1). (c) The central cavity (8) which runs through the robot in 
the longitudinal direction houses a plurality of optical fibers (not shown in \ 
the figure), a water/air hose (5), a channel means (6) and a plurality of H 
electric wires (not shown in the figure) which are connected to an U-J 
imaging means (7) attached to the distal end section of the robot (1). (d) \ !=! 

The network of branching channels (13) are related to the distribution of 

pressure to the linear actuators (11). | . _' 
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(57) [gift] 

(a) 7l^7>&tS©®tt^3 

Slgfto-fe^J/b (2) t, (b) &tL9*v\ 
(2) ©MDCRJSU^ D^7h (1) ©JSSftfeitf 

agifit^LT*4i6ffi^i^ tiix d strati , tit 

©7^^7 , VHtlM777 t aX-^- (1 1) 
(c) li(©)t7 7^A- t, 7k/^m 

(5) =f-^y%1^k (6) fc, Mf3o*'7 

h CD (DmBu^mwcmmm®. (7) t 

3£gLT^tf(©i|^7^- (H/^-f) £*MH 
<£>£M (8) (d) M!H*IS77^aX-^- (1 

1) ^©EfroEfl-fcH-rs^as^* (13)© 
*7 h7-^i:^t?o 




mm i ] ( a ) 7 u^y^immmm c a 

r t i c u 1 a t e d ) y's^fyh (3) £<fcoT5 

(segment) (2) 

(b) (2) ©MD©P3M±t> n#7h 

( i ) mmtizmm&i^Lmmmfcmtt 

(actuator) (11) 

(c) «»0)t7r-f^- CH^-f) fc> io 

(5) fc, f-V>*;l/#S (instr ume n 
tation channel) ( 6) t > Dsfty h 
( 1 ) ©SSgMDf^tSnfcMtfc^K ( i m a g 
ing means) (7) fcjgjfgLT^SIggW)*^ 
7^- (0^-f) fcfclRfflU D|7h (1) ©tfi 
*^fcHo Tt^^C^M (8) 

(d) *8tf7*^aX-*- (1 1) *\<DEj]<Dm 
<T)Tztib<r)%.W- J ?y%)\> (tributary c h a 
n n e 1 s) (13) ©*7 h7-?fc> 
fc^AyWS, tlMttfet^TftStMcMB^ 20 
SfSTSfcfcOnjpy hfrMtt (robotic en 

d o s c o p e) o 

msm ] y h H^L^^t/^nf^^ 

©^ 373ft©Si»g£g (threepassiv 
e degrees of freedom) £rfcoT 

[w*5 3 ] w^mmr z fix-?-*' 

^D- (be 1 1 ows) tf*5lt!Bl©o 
$y hitmMo 30 
[ff*54] *IM7^^aX-^-^^I±S/ctt 

^ mmmmzm-DxmmtzmMcmtzmm 
mm^-o^x, mwrnfrtt^zztiz, mmw^ 

mm 6 ] -t 77 y h ©*sg^«e-^-tg 

'fe'^tL/cU-F7^-t- (lead wires) ti 
oTftfiKti^ »I1 t!H«on#'7 hfcftm 
[»M7] -fe^^yh©*Sg^^Si(©WH'l^ 40 
^7^-¥-t8lt?tl/cU-F7^-¥-t<J:^TS«? 

nil tfH«©n#7 hft^m 

St^TfeC^tiTV^, »I1 S/ta3tfH«© 

[»I9] B«Kfc#8ff*fl3B£iB?S!;&;*7 (C 
CD*^7) (charge coupled cam 
e r a) X&%, »1 1 fctB«©n^7 Ht« 

[»i io] -t 77 y h mn&x% £ , ff *5 1 
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[§f*ijfi i] (a) yv^y-f)VrMW.mm"y 
a ^ y h ick -d xmAzMifWX^X, fr-3%3&£M 

(b) #-rz^yh©MD©RM±t, D|7h©« 

ttSMj±s/ta7j<j±) tctorfw^ ti(©a®« 

(c) ISriSi;, SU7j»fcfeo)Mi«t 

/hs&itgizw 7ft£Mlf S aff 

!iil1i»W7n#'7 h (autonomo 
us pipe robot) 0 

mm. 12] tytyvm <:&mwmv a ^ 

'jw2ijW4l'iili^t^T(,^. lii'pRjru itBiw 
!4i):1if^/U7D#7h 0 
[!f*5l 3] 7t°-K^ l7j:k:$5oTM-3 

i mmmmm^ufuf^y h 0 

7n|7 h 

[1*5 is] y h ^mmmmmm-w 

fti«»U7D#7 ho 

mm i e ] mmmmw* y h <o*mm 
snt^s, fi*im itfH«©aii»u7n^ 

7 ho 

[§f*5i7] BMb#^TOS^^*^^ 
(CCD*^7) -PSS, «*5l l tl3«fiD8uiflMi 

§7W7°D*7 ho 

mmi s] fi73-\©»^§^tt^/ci6, as 
w 1 ? a. x- if -mm^\MMmx% % , $m 
si i \cmm<D&mm>u7u$y h 0 
[ii*5i 9] ^9^yYt>m^mnmx$>^, m 
m\ i \cm&mmm>v'7v$v h 0 

[0 0 0 1 ] 

a — 7n4>7 h(a self — propelled 
tubular robot) V 7* 

n^7 htn-rso 

[0 0 0 2] 
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■TfeSo ±M\HWmm (colonoscopy) 

v^^s, mm <feo/cigaiMa^2mifi^g?©7 

rSTSSo l«©ftlltl^ggW£©a^H&, 

yjvf-a. - 7© j? xmm t % tc v> s^fguft t 
Atxstx^o ««w^itiecu#^ sua 

££^MM©3[?ffi«A£»£fcJ6k7 10 
fr«J?A©*«SWTfty-n«'ft&fto\ ftyrJ/^ 

m 77 vmnnmm & t t\ ftiift^gg&f ©^ 

-?©ff UtjA&ftff t j; o T, AflIWIStt±WflI©(S 9 

'xife s n^ o n.ficmmtmm& « £ a, h & a w± 

£<ftWc#K *(lumen) ttMIWrtfcffi/c 

n«^tTS«, a*© rjf AfcJOTffij £im±, t 
t%m±mnmk\av-f (i 0 o ps ) 

Afllftlltt±©££fll£ r/n-rV^-y 
(accordion) J © «fc 5 K UTfr fcJtSo Lfr 20 

Sfrfcfclftfc^o ilftSit-tt, «<ffl^T^SS 
(sigmo id/descend in 

g) vmmsmmmzmiz, (smsm^r 

)l7 7^--f (a 1 ph a loop)i'>««^ 

a) ftgijai5#aawwasftSo Audita© 

faCD (t o r q u i n g) fefOi^^tU* (a 30 
scenario) ^ag^tl^o 
[0 0 0 3] KH©t¥ffiftflST^ ASIWIIWA2 

©S^ll^ti^o ASIWJW^-7©ft^J;9ft 

cntt 017J-7^ (p o 1 y p e c t omy) ©<fc 

ft^'ft^na, Aaiwitt©A$ 

<£5>ft;V-7«, ^S©3 7r-n-;7&»cBltfc 
L#«*^-e£« 0 mai, 73-7 (scope)© 40 

7^7 \>±-vmmizLt>z-Dvzrcib, wits»7 

±TS/c«££©il«?^<t?o ffi5^ ,{ 9©±*gW 

[ooo4] mmv(Dm'i(DMmmmv(D, abi^s 
mtt% 0 mom, M«na7*^ti^ 

m<D riy 7 F77 h ( r e d - o u t ) j ©tti^ £fc 



r*7-f h 77 h (white — out ■ 0 1 ^ -171 

\c%%t, nmrnmu^mm^m^xL^^o en 
imczti, imoit^ftmm&mt, 7^itA 
h\ ftm*%DV%<itffmfc%;z 0 ^©isn, mm 

ftffltflfc^/c£frfcLnftl\ S/7 7n-7£ffLA 
ns C t ^«gS £ LT A«©«fcft 5, 

©iiBjarafitfSo s/c«©Aflirtiiita, 

/c It* Jf A A a - 7£ff L § [ t f S ttts t L T 13 1 ft 
©Cf9fr^l?MaiS«^oTl3< tl^Ctfe, 
rtfiMtaeWtS^LTl^o ffAAa-7©l*Jft 

fauna, sittT, ■£z\mmmict%jv~y& 

fe<tV^Cta> &WC<^i7^iSM7 rtiin^ 

[0 0 0 5] ASIW!1*M?)£!M«, rtllil^gKW 
©SMt»c^<^«#tSo £DIMgftftllti 
ttSK6fPtt, <fcD!»?cfcDS*©'>ft^g£, S 

a©^t/^ii^ts^j; d <fc ^mmwm^n 

mi?©A^^l©l¥bjA*a, *ffilSSI©^H^0?l 
rt#i©fpis-es o /eff ta^ffMt auft d , ^ii^ 

[0 0 0 6] f^fectTOiiil-ea, /W777AA 
(piping systems) ftO^ftHSffclt 

jS"PB^tflTOi"PSSo A?vvW777rA©^gt 
^fSaffOSffitt^FfiEfSo L^Lft^S, /J^ft* 
g©/U7V7rA^iE5|t#ftffcL^gt^t^a(S 
tA,^ft!/\ *g©/jN?ft/W7 (3 77AJXT©* 

m a, -we, 7j<¥*3J:cfsa©/U7> 
3#sasii^j£'rs«fc 5 tgn^nrv^o ^ 

© < fc^ft/U7V7r^^gtr^ui;a, S^tlS 
oT«L9£f£^ctf7?ft<A iSftftiafflg^S^u 

th^cttt, ia«s©7 7/ w 7d>-p 

7h (in-pipe robot) tgft^o ^© 

©B«^^jStci;^s^o s/c^na, ^n* s 20 
S^^a^n«±©il^t;l/-h^tt^g^*t?iJ 
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[0 0 0 7] 

gp^-7fcn^7 h«52#Tt^, hfcrt 
lllfe <fc tf w 7°n # 7 h mm % c t 

Wal- ?a y h (DM <9 <Dm±^m <9 

[0 0 0 8] 3>hn-;l/#g*\ *IStt77f-aX- 

h^^*ag©7W7°rt»f nitres h 

f ^lllfc A tf ffiiftl^ W 7°p 3p 7 h =B8&t s c 
[0 0 0 9] 

•7fW»ItaOT'$D, (a) tm©7^ 

->^Wt^ a ^y h t .3: ^ s^fcg^u *4ffiSP 
fctTSjilto-fe^y hi:, (b) &<b?*yh<DM 
*)<Dm±fo, MfHn^7h©« ttfcglLT® 30 
mfo t ® <0 H 5 tlT I ^ , 1 »fiD 7 1^ y 77I/& 
*IM77^aX-^-t, (c) tS«^77^/^- 

S©iOT7^-i:£TOU MhHpjP7 h©W$ 
^taoTi^^cSSi:, (d) Mf3aiS«7^ 

7 h7-£fc*#t?fcfiD"eS3o 
[0 0 10] 

McUfficff^] HiUt ft 40 
l£t^S<Mt/fc«ft«f^t^ ^a-7« 
D,f7h (1) ff*sntVS 0 f©n#7h (1) 

a, titc-fe^yh (2) 

y^y7>»i©®f^y3^yh (3) tj^Tg 

o) a, n#7 h (i) A(D^mcmnm* 
©Hfflgp^^-^tjes-rscfc^^T^So lit© 

tf»SdrA«Kn- (l l) tt, 3 73^]©0K©eSg 

(three degrees of rotatio 
n a 1 freedom) t -S©¥tf^i&©SSfi 50 
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WJs^yy (3) t^fc^Sfcfe^JbtiTv^ 

So 

[0 0 1 1] H2fcfe^c\ t^yh (2) ©*Sgf3 
B\ m (4) fcUTfiD^fiD3fc77-f^- 
■f) ^ 7K/StCff4«?L (5) Avy*;h#® 

(6) Sny^7h©ilftig^?s*^^ (cc 

D^^^) (charge coupled came 
ra) <*)<]; 5 &B«fc#® (7) ^MLTl^„ C 
nS©S«(4, 6, 7) fcHg^tlT^ 7^-33 

ifff^-yy (tunings) (H^r-f) a, 

P#7h (1) ©ff*SM (8) WloTl^o iin 

5©7^t-fej;tffa--y^ g&g P© -t 7^ y 

h (i o) mmiT^mm mm-?) tbxn 

KMibtu o^7h (l) ^SffiTV^o 
[0 0 1 2] H3tfc'^T, #-fe^yh (2) ©MD 

MII«7WaI-$- (11) 1?S§o #$8jBfc 
fcWtt, M^lBMIMASHn- (11)^ 

*Htt7^^ax-^-tLT^e»tiTv^o ens 

ti^Tl&^nSo f©7^fal-?- (1 1) « 

^-y^^*^/c?>9o cnscdAs^n- (i 
i) a, -b^yh (2) tssss (i 2) agp 

tjfii/^Wfitt^Dft^StiTV^o ^n- (l 
l)S,WyK2) ^t^^tTLfeStlT 

h) ±*f*^5MttttF&I^TV^*M^fc^, (D 
spy h) Aft©Mt^LTf4i61ifnIttia$tlT^ 

So loc-b^yh (2) t$«^TO^n- (1 
1) tt> ^-©E^^^ytl^rLTfeD^ C©Etl7 

^ya, p#7h (i) (8) ft* 

3D, o) m&iT&T^&o i±m, 
/yb (2) \c&mmmim.-h^^y^ (13) 
^se&lt, ^n- (id \Ltm\m%-£h% 0 mi 
^e.©s^j±7j^^^y*;h (1 3) t^A^n^t, 

g^n/c^n- (11) a«73f&ltf$0^ 0 M^t, 
ffi^HTj (A5CHKT) ^^A^ti^fc, ^n- (l 
1) a-t^yh (2) tfes^M (12) rtt» 0 
suiTjttx ^n- (in ^§§'i©F«3i^ff'r<fc5t# 
vmicK^tiZo ^n- (id «Mt«t7y^ 
y7;n?ss/ci6, mmcimtm, n^-y h 

(1) ©±Af*©S9tffl^^^feLtlft^o 
^D- (11) M73^©ffil77^Wt^ 

-££^0 ccof^SSa, rU^-hft«©EM^ 
in (perf orat ion) t^-T^rSffJ^S^o 

m&?<Dt**)m<:rcv>, ^n- (1 o it 
rs^it^-r/tfet, (1 4) t^-r<fc5t§Ttf^ 

[0 0 13] H6«, ^n- (11) sbW^nfcDSf 
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g (6 0) ©7n~ f -^-h^LT^So looty 

(2) id&s, ^-n^no^n- (id ©la, 

$>^li^tl^tl<D«^<D^U~ (11) 

7 7°PC (6 2) T°=iy¥a.~ft~~7tiy9L*mm2 
^ C 1 1 £ D |»82ftfc, M1©8I!$I (graph 
ical user interface) ^LT, 
Dtfyb (1) fcSfFTSo £©7°n77Att, ntfy 
h (1) C$iJfflI«l^©afcA,H*fi5 , E>©tfS«o t — 10 

^li^xfi (6 3) <z»©±t\ ^na, fSffl^ 

6 S £fc D U&6fc D f S ntfy h ©t£73£=i y h n- 
^■TSo cntt, n#7b (1) «#7^ax-^- 

(solenoid valves) (6 1) ©WEAK 

^tfffcw. n#7f (D mrwYmmt 

It, 20©pi^-£- (8 0) fccfc-sTiUfrSftSo 
^7 KaSfcffl#oT»U^££ffi*'rSfc 
ft, 2|> ! 3^Xf-f7i' (joystick) (6 20 
4) §nyhn-;W 0 ftjELTV^SfuMff-©*! 
f-^II^XfA (6 3) 

?mo)famc-&lT^%xya-$- (6 5) 

(an analogue voltage sign 
a 1) t)\ (8 0) £J|{tt§/cJ6t7 

Il^Xfi (6 3) £gTie>tl3o f©nyfa- 

A73*]±©«tt (po 1 a r i t 
y) tft-*- (8 0) fcffiacMllcfattSiil^C 30 

— 7 — (3 — axis quadrature enc 
oder) (6 5) SW^-A-F (coun 
ter card) (6 6) £gSLT, 
-7- (6 5) ©WRDft^ ^£it^®^»o iya 
(6 5) ©fr^Dft^ i?a<47>T-{yt (6 
4 ) ta^ TlMS^n/tp/rMcii^lK DftKfit/iSBfc 
Aofdi3\ 7n?7iK-^- (8 0) fcSBIS 
o^ta#ih?€S^59o fcUt-*- (8 0) 
^©IH^SDSL/cCn •fufvMtt-jt- (8 40 
0) fc^©lfflftfcg£J;9@t£aiI2«/c3 5o 
t-^r- (8 0) *f\ KM. (6 7) , 33<mWf»$i 
(6 8) fci, h©ftBi^£ffiEtS0fc&ga 

[0 0 14] H5«, *»D$>yh (1) fclfrS 
•SSfcfcfcflJ^S 1^73 ©JlJf L T *3 D ^ H 7 1? 
fct A^tfiBT, ^n-77^aly-^- (11) 
©IMIgSLTi&^^tl^t?©!** (5 0) 
T^So C©MftfflT*li. n,f»4 ■ l ■ >d, Z&om 
7%777©1&73 (5 0) %J8^TWjL%& 0 H5 50 
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(ii) mm, msKW&LTcvmibzwcvtzm 

#£H© <fc 5 fcaSftftfcfw©!b\ 

tiTt^o n$7 F (1) tSS-b^yh (2) ©$[ 

©, ^<©1*73 (5 0) *^^nSo 
n#7h (1) fcffitffiSfcfc^ ^T©^n- (l 
1) «t^W„ c©t«t7f^ SgMi^ 
«©M«gP (9) nm-itohrt, o#7Ki)^l 

ttHfo *^tfc'^T, D$7h (1) ®ll£t& ¥ 

(id ©ff-rtjtft#-r 
So j±t)©*Ht5nfcS^n#'7 h (i) ft\zm\% 
^d-7^ix-^- do &&mmf& 
u 4 5g©ftai?igsiatttn§ST«t#t;So & 

s*sntvnfcr, a#7h (D ^M^fft^rjt 

(i) a, ^©5ts^^©sgptttn§<5^to^n 

So (6 0) fcfe#LT, f^S^n-77^ 

al-^- (11)^ S*«Bft«L/cD»fe/cD 
$nt#So CtD&vKCtlC&iT, D^h (1) * 
fu7Wtl£€3> ^<©^o/c^^7 3 ©fll©f±73 
(50) ff^USo 

[0015] *^t*3^T, n^y h (i) mm 

J6-c?<g.?.o 08^, n#7h (1) ©|^tf^^7h 

(concentric shafts) 
Tctblcm^nk^-Z- (8 0) ©fe^, ^'7^77 
X^LTl^o D#7h (1) ©^fJtfeSt-^- 

(8 0) fc88KSftfc£<<SD';-K7'f*- (lead 
wires) fijra© 2^©-tr7^ 7 h (2) tti 
i6)ASn/cSIWf (1 5) ^fj^t/ci6tffl^5»tl 
£ 0 Wilt^oT, 40©U-F7^^- (S^ 
f 1 ) i)\ D#7h (1) ©*SfPtS^)affl7 t a-7 

(0/^-f) i^StHT^So cn?)7^ J r-a, 9 0g 

■foitbTE^nTV^o D^7 h©^7 F^#< <t9 
ti)^f/ci6ta, 1 ofe L< a 2O07^t-^[o 

U^o 4-0©U-F7^-V-©ffi©Sa, 2"0©|WIffi^ 
y^7hlc$mZtiZV^ 0 (18 0ggftt/c) 7^-t 
—<D&VT\l, #7-^7 htgH^tlTt/^o Ctl5»© 
yt7h«?t3LttJ:ot, ?[o^7^^77 
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7Jpy^X*^nT^« 0 mm^T^y^T, (8 
2 ) 7s}~ — A^^-t 7 b (worm gear s 
e t s) (8 3) ts 20©jtSt-^- (80) fcfr 
5»ft^o ^*-A^'7-fe7h (8 3) tt, gjfcSnfcft 

7 7ffi# (a self locking mecha 
nism) J:Lti<„ OSD, flgDlff (back 10 

drive) W3©1?$S 0 
[0 0 16] 

Sn^h (1) &$fcHB*£ftT^3o f ©n$7 h 

(1) tf\ 7^^7 , >W^I[5^$V3^yh 

(3) ^oTSt^fSftWc, £»©g^P»®-fe 

(2) fc^A/C^So -b^yh (2) 
Uttt^a-fyb (3) tt, n#7h (1) /U7° 
F t 3^M6tiSa^©Hfflg^*-7 > tJlJS$-&^o -fe? 
^yh (2) TOg£it?S#^ (CC 20 

D*><7) (7) t, D^7h (1) ©*IW£fi7ft« 

(4) siRifibT^So H4tj:nar, s-t^i/h 

(2) ©MD©RM±MXt>fttt£nT^S&©fci\ * 
^ftfc S 7c tt£&EE£ tt*EE"?i&fr SftS, JUS®* 

i^r^fax-^- (i 6) f$2 0 cneas^T 

Wii-^- (l 6) tt, -b^yhtSSSiHoS 

(i) frmmx.u^x^%iffimL\>*>, d*'^ 

3 0 *Htt7^^aX-^- (l 6) t>\ ;H7©F t 3S 30 
If7^fax-^- (l 6) tt, n^h (l) #1 

frlSfc, Jiff^fa^i^t, -b^yh (2) otp 

[0 0 17] «H«7^^aX-^- (1 6) tt, iM7i 
^©Mf^fe/tS-r/tfetS^^ (0*) (1 8) 
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TITLE OF THE INVENTION 
A ROBOTIC ENDOSCOPE AND AN AUTONOMOUS PIPE ROBOT FOR 
PERFORMING ENDOSCOPIC PROCEDURES 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention generally relates to a robotic 
endoscope for performing inspection and endoscopic 
procedures, in part icul ar , to a self-propelledtubular robot 
and an autonomous pipe robot capable of advancing within 
an elongated passage, either a straight or bent passage, 
having a rigid or elastic, tubular wall. 

(b) Description of the prior art 

Endoscopes are useful medical device for inspecting 
and examining the interior of certain human organs that 
are otherwise inaccessible to a physician's examination. 
An endoscopic examination, like colonoscopy, is a procedure 
required very demanding techniques. It is a medical art 
to coax an almost two metres long flexible tube around a 
tortuous colon whilst causing minimal discomfort and yet 
performing a thorough examination. 

Most experienced endoscopists use similar endoscopic 
techniques. Air is pumped into the colon to distend it and 
aid insertion of the flexible tube. The insertion force 
on the device must be gentle to avoid stretching the colonic 
wall or mesentery which can cause pain or perforation to 
thewall. The colonoscope is advanced , by the pushing action 
of the endoscopist's hand, to the caecum under direct 
endoscopic vision made available to the endoscopists by 
optical fibres or CCD cameras. The lumen should be kept 
always in view so that little or none of the operation is 
performed blind. A variety of "in-and-out" manoeuvres are 
used to "accordion" the colon on the colonoscope, keeping 
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the colonoscope as free of loops as possible. However, 
pushing is not the only action involved. Considerable skill 
is required to pull, wriggle and shake the colonoscope at 
the distal end. The patient's abdomen may be pressed to 
minimize looping and discomfort. In a difficult colon, 
special manoeuvres (like reducing the "alpha loop" in the 
sigmoid colon) are used to pass the sharply angulated 
sigmoid/descending colon junction. Torquing of the 
colonoscope is also required in such a scenario. 



The detailed examination of the mucosa is performed 
both as the colonoscope is introduced and when it is slowly 
removed from the caecum. If the colonoscope is kept free 
of loops, the tip responds well and the examination is 
facilitated. This is especially true if a therapeutic 
procedure (such as polypectomy) is to be undertaken , because 
large, redundant loops of the colonoscope can make control 
of the tip very difficult. Sometimes, the endoscopist may 
"jiggle" the scope to pleat the colon onto the shaft of 
scope. This involves rapid up/down or side-to-side 
movements of the scope. The main purpose of jiggling ia 
to shorten the part of the insertion tube which is in the 
body. This keeps it straight. 

The basic act of manoeuvring the colonoscopic tip 
around the many bends of the colon requires years of practice 
and training . During the operation, the lumen may disappear 
from the surgeon's sight leading to a "red-out" when the 
tip is against the colonic wall or worse; a "white-out" 
when the tip stretches the colonic wall . When this happens , 
an inexperienced endoscopist may be disorientated and has 

difficulty looking for the lumen . Colonic perforation may 
consequently occur. Furthermore, abrupt movements of the 
scope may result in tearing of the inner wall of the colon, 
which may in turn lead to excessive bleeding. There are 
also instances when pushing in the scope does not result 
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in advancement of the distal end. Rather, loops are formed 
which may result in over distension of the colonic walls. 
The present colonoscope also requires the endoscopist to 
hold the control device with one hand leaving only one hand 
to push or pull the insertion tube. Too much torquing of 
the insertion tube may result in loops which may complicate 
matters further. Besides being cumbersome , holding up the 
control device for prolonged periods of time is tiring for 
the endoscopist . 



The colonoscopy procedure depends very much on the 
skills of the endoscopist. A more experienced endoscopist 
will perform a more thorough, less painful operation in 
a shorter time than an inexperienced endoscopist . A skilled 
endoscopist will normally have little problems traversing 
the colonoscope right up to the caecum of a "normal" colon. 
However, there will be difficulties advancing the 
colonoscope through some "problematic" colons. This 
happens when encountering very acute or fixed bends. 
Further pushing of the colonoscope at this point will only 
distend the walls of the distal colon. Distortion of the 
colonic shape and profile due to previous surgery may add 
to this problem. A self-propelled robotic endoscope with 
a traversing mechanism at its distal end will solve many 
locomotion problems unlike the problematic pushing format 
of conventional coionoscopes . 

In the chemical and oil industries, conducting 
characterization and inspection activities within piping 
systems is critical to decontamination, dismantlement and 
maintenance activities. Current technologies for 
inspection of large piping systems exist. However, the 
ability to accurately characterize and inspect 
small-diameter piping systems are rare. Small-diameter 
p^pes (diameters less than 3 inches) are genera 1 ly connected 
together to form 3 -dimen s ional structures made up of 
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horizontal and vertical pipes. Inspecting of such piping 
systems would require a self-propelled in-pipe robot not 
only capable of advancing against gravity but can also 
traverse through acute bends. The robot's objective Is to 
sendback images of the inner walls of the pipes as it advances 
into the pipes . It must also be able to proceed in a desired 
direction when it reaches a junction with two or more 
alternative routes. 

SUMMARY OF THE PRESENT INVENTION 

Accordingly, the present invention relates to a 
robotic endoscope for performing endoscopic procedures in 
a tubular organ comprising: (a) a plurality of segments, 
connected together by a plurality of flexible articulated 
joints, having a distal end. <b) a plurality of flexible 
linear actuators attached, skewed sideways with respect 
to the longitudinal (or diametral) axis of said robot, 
circumferentially round each segment; (c) a central cavity 
running longitudinally through said robot which houses a 
plurality of optical fibres, a water/air hose, an 
instrumentation channel and aplurality of electrical wires 
associated with an imaging means being mounted at the distal 
end of the robot; and(d) a network of tributary channels 
for the distribution of pressure to said linear actuators. 

It is an object of the present invention to provide 
a robotic endoscope and an autonomous pipe robot capable 
of advancing in an el onga ted passage having rigid orelastic, 
tubular wall, wherein a plurality of articulated joints 
allow the robot to conform to the different bends and 
curvature found in the organ of a human body. 

It is yet another object of the present invention to 
provide a robotic endoscope and an autonomous pipe robot, 
wherein a plurality of flexible linear actuators are 
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attached circumf erentialiy round each segment and these 
actuators are pressure driven by pneumatics or hydraulics . 

It is another object of thepresent invention to provide 
a robotic endoscope and an autonomous pipe robot, wherein 
a control means is provided to control the sequence by which 
the linear actuators are activated. 

It is another objectof thepresent invention to provide 
a robotic endoscope and an autonomous pipe robot, wherein 
the robot is capable of advancing in pipes of small diameters . 

These and other features, aspects, and advantages of 
the present invention will become better understood with 
regard to the following description, appended claims, and 
accompanying drawings where: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematically illustrated side elevation 
view of the present tubular robot in accordance with the 
present invention; 

Fig. 2 is a front end view of the present tubular robot 
in accordance with the present invention; 

Fig . 3 is a partial section view of the distal segments 
of the robot shown in Fig. 1; 

Fig. 4 is a partial section view of another preferred 
embodiment of the robot in accordance with the present 
invention ; 

Fig. 5 illustrates a gait sequence which is used to 
locomote the present robot in accordance with the present 
invention ; 

Fig. 6 shows a flow chart of a control means in 
accordance with the present invention; 

Fig. 7 shows a gait in which the sets of bellow actuators , 
in accordance with the present invention, are activated 
antagonistically; and 
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Fig . 8 shows the sectional view of a motor in accordance 
with the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Fig. 1, there is shown a tubular robot 

(1) capable of advancing in an elongated passage with rigid 
or elastic, tubular wall. The robot (1] comprises a 
plurality of segments (2) , having a distal end, connected 
together by a plurality of flexible articulated joints (3 | . 
The articulated joints (3) provide the robot (1) to conform 
to the different bends and curvature found in the human 
organs. A plurality of hollow rubber bellows (11) are used 
to make the joints (3) each of which has three degrees of 
rotational freedom and certain degree of translat ional 
freedoms . 

Referring to Fig. 2, the distal end of the segment 

(2) houses a plurality of optical fibres (not shown) for 
a light source (4) , a water/air opening (5) , an 
instrumentation channel (6) and an imaging device (7) , such 
as an ultra-compact charge couple camera. The wires and 
tunings (not shown) associated with these devices (4, 6, 
& 7) run into the central cavity (8) of the robot (1). These 
wires and tunings exit the robot (1) bundled together as 
a tail (not shown) which connects to the last segment (10) . 

Referring to Fig. 3. attached circumf erentially round 
each segment (2) is a plurality of flexible 1 inear actuators 
(11) . In accordance with the present invention, the 
plurality of the retractable rubber bellows (11) are used 
as the linear actuators . These actuators (11) are pressure 
driven by pneumatics or hydraulics. As the actuators (II) 
are not made from metal s , the actuators (11) wil 1 not damage 
the delicate walls of the human organs . These rubber bellows 
(11) are attached, by proximal ends, to the cavities (12) 
in the segments (2) . The bellows (11) are clamped or glued 
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to the segments [2) . They are positioned skewed sideways 
with respect to the longitudinal axis of the body (of the 
robot) with their distal ends pointing radially away from 
the main body (of the robot) . All the bellows (11} in one 
segment (2) are connected to the same pressure line which 
runs through the central cavity (8) of the main body of 
the robot (1) and exits via the tail (9). Pressure is 
distributed evenly to the bellows (11) via a plurality of 
the tributary pressure channels (13) in the segment (2) . 
When high pressure, from an external source, is introduced 
through the channels (13) , the connected bell ows (11) will 
extend longitudinally. Conversely, when low pressure 
(below atmospheric pressure) is Introduced, the bellows 
(11) will retract into the cavities (12) in the segment 
(2) . Locomotive force isproducedas thebellow (]1) extends 
to push against the internal walls of the organ. Being 
flexible radially, the bellow (11) may bend towards the 
robot's 1 main body when it comes into contact with the 
organic walls. Further extension of the bellow (11) will 
continue to bring about forward locomotive forces. This 
collapsible mechanism is a safe-guard against puncturing 
and perforation of the delicate walls . To prevent slippage 
at the point of contact, the bellow (11) may be padded as 
shown by (14] to increase the surface area of contact. 

Fig. 6 shows a flowchart of a control means (60) which 
controls the sequence by which the bellows (11) are extended 
or retracted. Each set of bellows (11) within one segment 

(2) or even each individual bellow (11) may be activated 
independently. In accordance with the present invention , 
the user operates the robot (1) via a graphical user interface 
developed using a computer program run on a desktop PC (62) . 
This program is responsible for most of the control functions 
of the robot (1) . With the aid of a data acquisition system 

(63) , it controls the type of gait sequence to be used, 
its speed and the robot's ability to insufflate or deflate 
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the colon. This is done by opening or closing independent 
solenoid valves (61) which allow air pressure or vacuum 
to pass into the respective actuators in the robot (1) . 
The steerable distal head of the robot (1) is actuated by 
2 DC motors (80) . The user controls a 2-axis joystick (64) 
to indicate the position he wants the head to bend to. The 
changes in the voltages of the corresponding potentiometer a 
are sensedby the data acquisition system ( 63) . The computer 
program then processes this data into encoder (65) readings 
corresponding to the desired position. An analogue voltage 
signal is passed via the data acquisition system (63) to 
operate the motors (80) . The computer program will ensure 
that the polarity of the input voltage will cause the motor 
(80) to turn in the desired direction. The program also 
constantly reads the actual encoder (65) readingvia a 3-axis 
quadrature encoder (65) and counter card (66) . When the 
encoder (65) reading comes into a range close to the desired 
reading set by the joystick (64), the program will cause 
the motor (80) to decelerate and finally stop. If the motor 
(8 0) overshoots this range , the program wil i cause the motor 
(80) to adjust itself back into the range. The monitor (80) , 
the light source (67) and the image processor (68) are 
equipment required to retrieve the robot ' s endoscopic view . 

Fig. 5 illustrates a gait sequence which is used to 
locomote the present robot (1) and Fig. 7 shows a gait (50) 
in which the sets of bellow actuators (11) are activated 
antagonistically in accordance with the present invention. 
In the present embodiment, the robot (1) can be made to 
locomote using a plurality of various types of gaits (50 ) , 
As shown in FIG. 5, there is shown how alternate sets of 
bellows (11) are sequenced to extend and retract 
simultaneously to bring about forward locomotion. 
Depending on the number of segments (2) in the robot (1) , 
the plurality of gaits (50) may be designed for optimum 
performance relating to speed, ability to advance against 
gravity or ability to advance through difficult bends. To 
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extract the robot (I) trom the tubular organ, all bellows 
(11) are retracted. The user then pulls out the robot 1 
holding onto the proximal tail (9) end. In accordance with 
the present invention, the movement of the robot (1) depends 
solely on the pushing force of the bellows actuators (11) . 
The pressurized air is introduced into the robot (1) , the 
bellow actuators (11) will start to inflate, growing 
longitudinally unti 1 it touches the colon wall s at 45 degrees . 
If the friction is arranged to be large enough so that the 
point of contact does not slide, there will be a resultant 
force that pushes the robot (1) forward. When a vacuum 
is introduced instead, the bellow (11) would collapse such 
that their tips touch their bases . Depending on the control 
means (60) , different bellow actuator s (11) can be inflated 
or deflated at different times- This results in many 
different types of locomotive gaits (50) which propels the 
robot (1) forward. 

In accordance with the present invention, the distal 
end of the robot (1) is steerable like a conventional 
endoscope. This is to facilitate positioning of surgical 
tools and more precise inspection activities. Fig. 8 
illustrates the gear box with motors (80) which is designed 
to turn concentric shafts of the robot (1) . A plurality of 
lead wires connected to motors (80) located outside the 
robot (1) may be used to activate a steering mechanism (15) 
embedded in the front two segments (2) . Tn accordance with 
the present invention, four lead wires (not shown) exit 
from the bending tube (not shown) which is situated at the 
distal end of the robot (1). These wires are placed 90 
degrees apart. Ta enable the robot's head to flip, one or 
two wires must bo pulled while the wires opposite be released. 
The greater the displacement of the wires, the greater the 
bending angle. Two wires at 180 degrees apart will form 
an antagonistic pair and is responsible for bending 
movements in one axis . The other ends of the four lead wires 
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are connected to two concentric shafts . Each pair of wires 
(180 degrees apart) is connected to each shaft . By turning 
these shafts, pulling forces are generated on the wires 
which will bring about bending movements of the robot head. 
The control system, will determine which shaft should be 
turned and by how much to steer the head in a particular 
direction with a particular radius of curvature. As shown 
in Fig. 8, there is shown a gearbox with motors specially 
designed to turn the concentric shafts. The gearbox (82) 
generally consists of two worm gear sets (83) and two DC 
motors (80) . The worm gear set (83) acts as a self locking 
mechanism to hold the bending head in a required position 
thus preventing back drive. 



In another preferred embodiment of the present 
invention, an autonomous robot (1) capable of advancing 
in pipes of small diameters is also disclosed. The robot 

(1) comprises a plurality of rigid cylindrical segments 

(2) connected together by a plurality of flexible 
articulated joints (3) . The articulated joints (3) that 
connect the segments (2) allow the robot (1) to conform 
to the different bends and curvature found in pipes. The 
distal end of the segment (2) houses a charge coupled camera 
(7) and a light source (4) responsible for the robot's (1) 
vision. Referring to FIG. 4, attached circumf erentially 
round each segment (2) is a plurality of electrically or 
pneumatically or hydraul ically driven linear actuators (16) . 
These linear actuators (16) are attached, by proximal ends , 
to cavities in the segments and are positioned skewed 
sideways with respect to the longitudinal axis of the body 
of the robot (1) with their distal ends pointing radially 
away from the robot (1) . Locomotive force is produced as 
the linear actuator (16) extends to push against the internal 
walls of the pipe. The linear actuator (16) can also be 
retracted Into the segments (2) such that it does not hinder 
locomotion when the robot (1) advances. 
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The linear actuator (16) may be pivoted as shown in 
(17) at its proximal end so as to enable it to swivel to 
face the opposite direction (as shown in) (18) to bring 
about locomotion in the reversed direction. 



The control means (60) controls the sequence by which 
the linear actuators ( 16) are activated . Each set of linear 
actuators (16) or even each individual 1 inear actuator (16) 
can be activated independently. Therobot(l) inaccordance 
with the present invention can be made to locomote using 
a plurality of various types of gaits (50) . As mentioned 
earlier, FIG. 5 illustrates how alternate sets of linear 
actuators (16) are sequenced to extend and retract 
simultaneously to bring about forward locomotion. The 
plurality of gaits (50) may be designed for optimum 
performance relating to speed, ability to advance against 
gravity or ability to advance through difficult bends . The 
central cavity (8) in the robot (1) is used to house a power 
source (69) , the control means (60) , transmitter and other 
peripherals required of an autonomous system. 

According to the present invention, the distal end 
of the robot (1) is steerable to facilitate inspection and 
direction of advancement. Miniature motors may be used to 
activate a steering mechanism (15) embedded in the front 
two segments (2) , and the steerable mechanism is driven 
by shape memory alloy wires. 



The locomotion aspects of the present invention may 
be applied in any elongated passage having an elastic or 
rigid, tubular wall. Although only two embodiments have 
been shown and descr ibed , it would be obvious to those skilled 
in the art that many modifications to the present robot 
(1) is possible without departing from the spirit and scope 

of our invention. 
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CLAIMS 

1. A robotic endoscope for performing endoscopic 
procedures in a tubular organ comprising: 

(a) a plurality of segments, connected together by 
a plurality of flexible articulated joints, having a distal 
end; 

(b| aplurality of flexible linear actuators attached, 
skewed sideways with respect to the longitudinal axis and 
dramatically axis of said robot, circumf erentially round 
each segment; 

(c) a central cavity running longitudinally through 
said robot which house3 a plurality of oprical fibres, a 
water/air hose, an instrumentation channel and a plurality 
of electrical wires associated with an imaging means being 
mounted at the distal end of the robot; and 

(d) a network, of tributary channels for the 
distribution of pressure to said linear actuators. 

2. The robotic endoscope of claim 1, wherein said 
articulated joints connecting the segments possess three 
passive degrees of freedom to allow the robot to conform 
to different curvatures. 

3 . The robotic endoscope of claim 1 , wherein the plurality 
of linear actuators are rubber bellows. 

4. The robotic endoscope of claim L, wherein the linear 
actuators are driven by pneumatics or hydraulics. 

5 , The robotic endoscope of claim 1 , wherein a plurality 
of gaits is implemented for optimum performance relating 
to speed, and ability to advance against gravity or ability 
of advance through difficult bends. 

6. The robotic endoscope of claim l r wherein the distal 
end of the segments is steered by lead wires connected to 
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an electric motors. 

7. The robotic endoscope of claim 1, wherein the distal 
end of the segments is steered by lead wires connected to 
a plurality of shape memory alloy wires. 

8. The robotic endoscope of claim 1 or 3 , wherein the 
linear actuators is padded at the tip of the bellow. 

9. The robotic endoscope of claim 1, wherein the imaging 
means is a charge couple camera. 

10 . The robot ic endoscope of claim 1 , wherein the segment 
is cylindrical. 

11. An autonomous robot capable of advancing in pipes of 
small diameters comprising: 

(a) a plurality of segments, connected together by 
a plurality of flexible articulated joints, having a distal 
end ; 

(b) a plurality of electrically (or pneumatically or 
hydraulically) driven linear actuators attached, skewed 
sideways with respect to the longitudinal axis of the robot, 
circumf erentially round each segment; 

(c) a central cavity running longitudinally through 
the robot which houses a power source, a control means, 
and a transmitter for an autonomous. 

12. The autonomous pipe robot of claim 11, wherein the 
plurality of the articulated joints connecting the segments 
possess three degrees of freedom to allow the robot to conform 
to different curvatures. 

13. The autonomous pipe robot of claim 11, wherein a 
plurality of gaits is implemented for optimum performance 
relating to speed, ability to advance against gravity or 
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ability to advance through difficult bends, 

14. The autonomous pipe robot of claim 11, wherein said 
distal end of the segments is steered by miniature motors. 

15. The autonomous pipe robot of claim 11, wherein said 
distal end of the segments is steered by shape memory alloy 
wires . 

16. The autonomous pipe robot of claim 11, wherein an 
imaging means is mounted at the distal end of the segments . 

17. The autonomous pipe robot of claim 11, wherein the 
imaging means is a charge couple camera. 

18. The autonomous pipe robot of claim 11, wherein the 
linear actuators are swivellable to opposite direction to 
facilitate backwards propulsion. 

19. The autonomous pipe robot of claim 11, wherein the 
plurality of segments are rigid cylindrical shape. 
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FIG. 5 
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A ROBOTIC ENDOSCOPE AND AN AUTONOMOUS PIPE ROBOT FOR 
PERFORMING ENDOSCOPIC PROCEDURES 



ABSTRACT OF THE DISCLOSURE 

A robotic endoscope for performing endoscopic procedures 
in a tubular organ comprising, (a) a plurality of segments, 
connected together by a plurality of flexible articulated 
joints, having a distal end;(b)a plurality of flexible 
linear actuators attached, skewed sideways with respect 
to the longitudinal axis of said robot, cireumf erent rally 
round each segment ; ( c) a central cavity running 
longitudinally through said robot which houses a plurality 
of optical fibres, a water/air hose, an instrumentation 
channel and a plural ity of electrical wires associated with 
an imaging means being mounted at the distal end of the 
robot; and(d) a network of tributary channels for the 
distribution of pressure to said linear actuators, is 
disclosed. The present invention alao discloses an 
autonomous pipe robot . 



